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strength: Broad search criteria. weakness: heterogeneity between papers. introduction fractures of the hip can generally be subdivided into intraand extracapsular. where a fracture is extracapsular, the blood supply to the femoral head usually remains intact. this provides an opportunity to preserve the femoral head using a surgical procedure to fix the fracture, commonly using a dynamic hip screw, intramedullary device, or cannulated screws. where a fracture is intracapsular, the blood supply to the femoral head may be damaged. in the event of an intracapsular displaced fragility fracture, the native femoral head is likely to progress to malunion or avascular necrosis, necessitating a procedure to replace the femoral head. the NiCe hip fracture guidance 1 recommends total hip arthroplasty for patients able to walk independently out of doors with no more than the use of a stick, who are not cognitively impaired and who are medically fit for anaesthesia and for the procedure. for those who do not meet these criteria, the recommended procedure of choice is hemiarthroplasty of the hip.
the National institute of health and Care excellence (NiCe) 1 has made recommendations regarding the choice of hemiarthroplasty (hip arthroplasty) prosthesis: "use a proven femoral stem design rather than Austin moore or thompson stems for arthroplasties." in producing this guidance, NiCe have used evidence from primary total hip arthroplasty and expert opinion. "this recommendation was based on NiCe guidance on selection of prosthesis for primary total hip replacement and expert opinion. in the light of such good evidence being available for the adequacy of femoral stem designs for patients with degenerative change it was thought that specific research in the fracture group would not be appropriate." 1 this guideline was published in 2011. since then, there has been an opportunity for progress in research and a greater understanding of the outcomes that are important to this patient cohort.
the aim of undertaking this systematic review was to assess current evidence comparing the use of a thompson monoblock implant with a modular implant for treatment of femoral neck fractures. the thompson implant has been used for many decades and continues to enjoy popularity particularly for older, less active patients due to low cost and good results. 2 there is, however, variation in usage and a trend for decreasing use of monoblock stems including the thompson. the number of such procedures reported in the Australian Joint Registry annual report was 12.6% lower in 2014 than in 2013 and is down 60.1% from 2003. 3 other considerations for hemiarthroplasty implant design include the use of cement and use of bipolar or monopolar designs. A Cochrane review published in 2010 concluded that hemiarthroplasty should be performed with cement. NiCe hip fracture guidance supports this. 4 A recent meta-analysis has shown no evidence of benefit of bipolar over unipolar hemiarthroplasty. it is also noted that a bipolar hemiarthroplasty is generally a more expensive prosthesis. 5 A monoblock prosthesis is, as the name suggests, manufactured as one piece. the sizing of this implant depends on the measured dimensions of the native femoral head. the thompson prosthesis is collared, meaning that the implant rests on the femoral neck at a fixed point, controlled by the osteotomy site and this should be on the superior aspect of the lesser trochanter. As such, there is minimal control over leg length or offset. this means that this prosthesis will not necessarily accurately reproduce the patient's own anatomy. A modular prosthesis is manufactured using a separate stem, neck and head. this provides the opportunity for the surgeon to attempt to replicate more efficiently the patient's own anatomy. whether these aspects of modular design translate into a clinically relevant difference is unknown.
the objective of this study was to to assess all evidence comparing the thompson monoblock hemiarthroplasty with modular unipolar implants for patients requiring hemiarthroplasty of the hip with respect to mortality and complications.
Materials and Methods
A systematic review was conducted in line with PRismA-P guidance. 6 A literature search was performed to identify all relevant literature. Search strategy. the study designs included were randomised controlled trials, well designed case control studies and retrospective or prospective cohort studies. studies available in any language, published at any time, were considered. A search using the PRosPeRo and Cochrane databases was performed to ensure no duplication of efforts. this systematic review was registered on PRosPeRo (CRd42015024512).
the search included the following resources: Pubmed, embase, CiNAhl, web of science and the Cochrane Central Register of Controlled trials. search terms were used to identify studies examining the hip, or synonyms thereof, and prosthesis categories. the Pubmed search strategy used is provided as an example: ((((((monoblock) oR mono-block) oR mono block) oR modular*) oR hemiarthroplasty)) ANd ((((hip*) oR femur neck) oR femoral neck) oR neck of femur).
where authors did not report data in a form that could be analysed in this review, authors were contacted to provide relevant information. Study selection. the population consisted of patients undergoing hemiarthroplasty of the hip for fracture. the intervention was hemiarthroplasty of the hip with a comparison between thompson and modular unipolar prostheses. studies were included if they reported outcomes of mortality and complications. Although the exeter trauma stem implant is a monoblock implant, due to the nature of the implant design facilitating variation in offset, it was included under the banner of modular implant.
screening of studies was performed in two stages and by two independent reviewers currently practising within the field of trauma and orthopaedic surgery. stage 1 involved the selection of studies for full document review. All items disagreed upon were retrieved in full for further examination. stage 2 involved selecting studies for inclusion in the final analysis. this was performed following the assessment of suitability according to the criteria outlined above. there was an independent review of all fulltext studies and a consensus was reached on papers to be included. Data extraction and risk of bias assessment. endnote software (Clarivate Analytics, london, united Kingdom) was used for data management and de-duplication of study reports.
Relevant data from each study were tabulated into two tables according to the following headings: (table i) title, intervention, design, Risk of Bias score, size and inclusion; and (table ii) title, outcome measures, length of follow-up and findings.
Risk of bias was examined for RCts using the Cochrane Risk of Bias tool, 10 for case-control studies using the Newcastle-ottawa scale 11 and for other non-randomised designs the tReNd statement Checklist was used. 12 Statistical analysis. Assessment for clinical heterogeneity was performed with comparison of the various implants studied in each paper. metalight v.1.2.0 (social science Research unit, uCl, london, united Kingdom) statistical software was used for analysis. odds ratios for binary outcomes were calculated. forest plots were constructed to examine these data, and pooling of data where there were common outcomes was conducted using a random effects model. 13 where feasible, the heterogeneity statistic was calculated using this software.
Results
following an initial literature search, 4757 papers were identified from all combined sources. After de-duplication, 3170 references remained. two independent reviewers reviewed abstracts for each paper. Reviewer 1 identified eight abstracts to be obtained as full text and reviewer 2 identified five abstracts. After review, four papers including 21 017 patients were selected for inclusion. 2,7-9 ( fig. 1 , tables i and ii). the nine rejected papers included studies comparing bipolar and unipolar prostheses, 14,15 a conference abstract relating to an included paper 16 and scandinavian and Australian Joint Registry studies examining epidemiological factors not relevant to this study. [16] [17] [18] the remaining studies were excluded due to duplication.
Rogmark et al 9 combined the results of thompson stems and exeter trauma stems (ets), however, following a written request, the authors helpfully provided the data breakdown according to prosthesis type. this study was used for both mortality and complications pooling.
dawe et al 8 predicted mortality at 12 months with a Kaplan-meier analysis, rather than following up the patient cohort for this period of time. An estimate of mortality was therefore used to calculate an odds ratio of mortality for this cohort. Study methods and bias. three different research methods were employed across the four studies. overall, *thompsons = monoblock, monopolar implant with a collared design; exeter trauma stem (ets) = monoblock, monopolar implant with a tapered stem, amenable to intra-operative stem height adjustment; Austin-moore = older monoblock design, not examined within our data pooling the methods were of medium or low quality. two were retrospective cohorts 2, 8 , one was a prospective randomised controlled trial 7 and one was a swedish Joint Registry paper. 9 there is no evidence that an attempt at prospective sample size calculations was made in any of the papers identified. Risk of bias assessment indicated that there was likely to be bias in all papers, particularly selection bias and confirmation bias.
sample sizes were variable. the joint registry paper had examined records of over 20 000 patients over a period of four years. the remaining papers had sample sizes of between 123 and 303 patients. Clinical heterogeneity. the prostheses under review in two of the studies do not strictly fit into the criteria; Parker 7 compared a thompson stem with an exeter trauma stem. the ets is a monoblock stem and a non-collared implant with a modern tapered design which provides a greater choice of offset. Although not identical, it shares some of the key features of modular cemented implants and so this direct comparison with a thompson implant was considered informative and therefore included in the review. the Parker study 7 was the only randomised controlled trial included in this review.
Bauer et al 2 used a retrospective cohort to compare the thompson stem with an exeter stem with a bipolar head, rather than unipolar as specified. the paper was selected due to relevance to our study question. Although a bipolar head was used, the implant was a modular cemented implant. this implant provides flexibility over offset and is very similar to modular cemented implants. this paper provides a direct comparison between a modular and a thompson stem. the strong similarities between this paper and the inclusion criteria were felt to warrant its inclusion in this review. this paper identified no difference between the two prostheses in terms of functional outcome, complications or mortality rates.
dawe et al 8 found no statistically significant differences in mortality or complications rates. the modular unipolar prosthesis reduced the length of stay (p = 0.048) and duration of rehabilitation (p = 0.0003) after hip fracture (two-tailed non-parametric t-test.) the study from Rogmark et al 9 is a joint registry study and, as such, outcomes are dependent on the quality of data capture. similarly to Bauer et al 2 and dawe et al, 8 this study is observational; factors influencing implant choice may impact on outcomes. mortality and complications were identified as the only common outcome measures. Mortality. in a paper by dawe et al, 8 mortality at 12 months was taken from the Kaplan-meier estimates of 
Discussion
this paper reports a review of comparisons of thompson hemiarthroplasty with modular, monopolar hemiarthroplasty. we found weak evidence in favour of modular implants, against the background of clinical heterogeneity and methodological weakness. A large number of papers were initially identified following a literature search (3170) but after an independent review process, the majority were removed. this was to be expected following the use of a search strategy which was designed to be broad. many of those excluded were focused on basic science or total hip arthroplasty, perhaps reflecting a paucity of evidence relating to hemiarthroplasty of the hip for trauma. one paper excluded was Bidwai and willett. 19 Although this paper did meet some of the inclusion criteria, mortality was not used as an outcome. this has been an influential paper. it did not find statistically significant differences in complications between the two types of implants.
there is clinical heterogeneity throughout the selected papers, as well as differences in methods used, sample sizes, implant selection and outcome measures. Risk of bias assessment indicated bias is likely in all papers assessed. All papers were likely to have been influenced by bias due to prosthesis selection. the thompson prosthesis is often used in elderly patients with reduced mobility due to good results and low cost. we may expect to see increased mortality and complications in older, less Parker et al. 4 Parker's study 7 was a randomised trial, however, patients with dementia were excluded and this may effect external validity. two papers recorded mortality at 12 months and one at six months, and one paper estimated differences in survival at 12 months with a Kaplan-meier curve. No statistically significant difference was found. the appropriateness of mortality as an outcome for this procedure is questionable; this cohort is known to have a high mortality rate and, as such, it could be argued that quality of life would be more appropriate as an outcome.
Complications were reported in a number of ways through each of the included papers. while Rogmark et al 9 examined re-operations, Bauer et al 2 separate "prosthesis complications" and general complications encountered during a six-month follow-up. Complications are a relatively infrequent event: four out of 200 patients required "further surgery" in Parker's study 7 and there was a 5% to 6% rate of "prosthesis complication" in Bauer et al's paper. 2 data pooling does not show a significant effect of prosthesis type on complications. Considering the heterogeneity in gathering and presenting complications data between papers, this result should be treated with caution. dawe et al 8 found a reduced length of stay in patients treated with a modular design. 8 however, this could be due to selection bias in the retrospective nature of the study. it is possible that the frailer patients or those with lower demands will have been treated with the less expensive prosthesis.
in the study from Parker, 7 patients were excluded for a number of reasons such as when the patient had dementia and consent of next of kin could not be obtained, or when the lead trialist was not available. using the t-test, the ets was found to present fewer operative difficulties (p = 0.005).
despite the relative lack of evidence on the performance of the prostheses, there is evidence of change in global trends for choice of hemiarthroplasty prosthesis. the swedish Joint Registry has shown a decrease in the use of monoblock implants from 18% to 0.9% between 2005 and 2009, in favour of modular implants. 16 this would suggest that changes in practice are underway, despite a lack of evidence. the strengths of this study were the deliberately broad selection criteria and therefore likelihood of identifying all relevant papers and the fact that there are no other systematic reviews examining these two types of implants which enjoy widespread clinical use. there was substantial heterogeneity between papers examined and, as such, direct comparison was challenging. selection criteria were relaxed slightly where it was felt the paper closely approximated requirements. there are subtle variations in implant comparison between papers; ideally implant choice would be homogenous. these variations are discussed in the current study.
this systematic review attempted to examine evidence on selection of hip hemiarthroplasty implants, given national recommendations based on expert opinion. there is weak evidence in favour of modular implants, against the background of clinical heterogeneity and methodological weakness. A well designed randomised controlled trial could improve decision making for hip fracture patients. Agreement upon the best choice of outcome measure in combination with a rigorously designed randomised controlled trial would enable an optimum choice of implant to be recommended. this would impact directly on patient care and have economic implications for health providers.
in conclusion, evidence comparing the thompson monoblock hemiarthroplasty with modular unipolar implants for patients requiring hip hemiarthroplasty is weak. direct comparison of outcomes from these papers is fraught with difficulty and, as such, may well be 
